A single viral protein, the Gag polyprotein, is sufficient for assembly of retrovirus particles in cells of higher eukaryotes. Normally, after the particle is released from the cell, the polyprotein is cleaved by the virus-coded protease (PR), liberating a series of cleavage products. This series of cleavage events causes a major structural reorganization of the particle called maturation; PR-deficient particles, in which Gag is not cleaved, are termed immature particles (reviewed in reference 10).
Among the molecular events which occur during virus assembly and maturation are several instances of RNA-RNA interaction, including the formation of a dimer from two identical, plus-strand molecules of genomic RNA; maturation or condensation of the dimer to a more compact, more thermostable dimer; and placement of a cellular tRNA molecule at a specific site, the primer binding site (PBS), on the genomic RNA, where it will serve as the primer for viral DNA synthesis by reverse transcriptase when the particle infects a new host cell (reviewed in reference 10). It seems likely that some or all of these RNA-RNA interactions are facilitated by viral or cellular cofactors. In particular, it appears extremely improbable that the primer tRNA could spontaneously bind to the PBS with high efficiency under physiological conditions. This binding involves the annealing of the 18 3Ј nucleotides of the tRNA to the PBS (to which they are complementary) and additional interactions between other regions of the tRNA and other sites in the genomic RNA (2, 24, 27) ; thus, formation of this complex requires the disruption of the normal secondary and tertiary structure of the tRNA.
What is the identity of this putative cofactor? In fact, a virus-coded protein, termed nucleocapsid (NC), is an obvious candidate, since it is capable of facilitating all of these RNA-RNA interactions in vitro (12) . NC is one of the products formed as a result of cleavage of the Gag polyprotein during virus maturation. NC proteins are small, basic proteins which bind single-stranded nucleic acids in vitro and are associated with the genomic RNA in the interior of mature retrovirus particles. They have been shown to possess nucleic acid chaperone activity in a wide variety of assays; that is, they catalyze the conformational rearrangement of nucleic acids into optimally base-paired structures. The molecular mechanism of this effect is not well understood, but NC presumably acts by lowering the energy barrier for breakage and reformation of base pairs. Recent evidence strongly suggests that this activity gives NC a crucial accessory role during the reverse transcription of retroviral RNA into DNA (reviewed in references 12 and 31).
Further evidence supporting the idea that NC assists in the placement of tRNA on the PBS in vivo is the fact that mutations in the NC coding region prevent the placement of the primer tRNA on the PBS in packaged viral RNA (22, 30) .
On the other hand, well-documented biological observations are difficult to reconcile with the hypothesis that the mature NC protein performs these functions in vivo. In particular, immature retrovirus particles, in which NC is not formed from the Gag polyprotein because of a defect in PR, contain dimeric RNA (16, 18, 32) . Further, primer tRNA is annealed to the PBS on these genomic RNA molecules (11, 17, 23, 32) . One hypothesis which is consistent with all of these observations is that the retroviral Gag polyprotein, like the NC protein derived from it by proteolytic cleavage, possesses nucleic acid chaperone activity. The present experiments have tested this possibility, and we now report that recombinant human immunodeficiency virus type 1 (HIV-1) Gag polyprotein indeed exhibits nucleic acid chaperone activity. The data presented here show that this protein is able to catalyze both the dimerization of transcripts containing HIV-1 genomic sequences and the annealing of primer tRNA to the PBS in vitro. In view of these results, we suggest that Gag catalyzes these two events in vivo, probably during assembly of the retrovirus particle.
MATERIALS AND METHODS
Reagents. The production of recombinant HIV-1 Gag polyprotein and of Gag polyprotein lacking the p6 domain (Gag⌬p6) have been described previously (7) . Briefly, the coding regions from the BH10 isolate of HIV-1 were expressed by using the pET 3xc vector. Some experiments used proteins with two point mutations, viz., A37V and Q63D, but control experiments indicated that these differences from the wild-type sequence did not affect the results of our studies. The two polyproteins were purified as previously described for derivatives of the Gag protein of Rous sarcoma virus (8) ; in addition, the full-length protein was purified with an affinity column containing rabbit antibodies against the 21 C-terminal amino acids of Gag. We estimate, based on inspection of Coomassie blue-stained sodium dodecyl sulfate (SDS)-polyacrylamide gels, that the proteins were Ն90% pure. One microgram of Gag⌬p6 corresponds to 20 pmol of the protein.
Recombinant HIV-1 NC protein (6, 35) , whose sequence was from the NL4-3 isolate of HIV-1 (1), was a kind gift from Robert Gorelick and Louis Henderson, National Cancer Institute-Frederick Cancer Research and Development Center. One microgram of NC represents 170 pmol.
tRNA 3 Lys was purified from beef liver by an adaptation of the procedure described by Isel et al. (25) and was then further purified by two-dimensional electrophoresis (19) . Both the primary sequence and the posttranscriptional modifications of bovine tRNA 3 Lys are identical to those of human tRNA 3 Lys (25a). The template for synthesis of RNA representing nucleotides (nt) 1 to 331 of NL4-3 HIV-1 genomic RNA was constructed as follows. pJD DNA (20) , which contains the 5Ј 131 nt of HIV-1 genomic RNA sequence after a phage T7 promoter, was altered by addition, at the 3Ј end of the viral sequence, of a PCR product containing the next 200 bases of the NL4-3 genome, followed by an NcoI site. The plasmid was linearized by digestion with NcoI before transcription with T7 RNA polymerase (Promega) in accordance with the manufacturer's instructions.
HaSV 34-378 RNA was synthesized with SP6 RNA polymerase (Promega) exactly as described previously (14) .
Selective annealing of oligonucleotides. Selective annealing experiments were performed exactly as described by Tsuchihashi and Brown (34) , except that the sequences of the oligonucleotides were slightly altered: the labeled oligonucleotide was 5ЈGACTAAAAAAAAATCTCTAGCAGTGCAT3Ј, and the two competing oligonucleotides were 5ЈATGCACTGCTAGAGATTTTTTTTTAG TC3Ј (28-base perfect match) and 5ЈACTGCTAGAGATTTTTTTTTT3Ј (21-base oligonucleotide, which can form 20 base pairs with the labeled oligonucleotide). This change in sequence had no detectable effect on the outcome of selective annealing experiments with NC protein (data not shown). Briefly, 20 fmol of the labeled oligonucleotide was mixed with 20 fmol of the complementary 28-base oligonucleotide and 1 pmol of the complementary 21-base oligonucleotide, along with the protein being tested, in 10 l of 50 mM Tris (pH 7.9)-1 mM EDTA-3 mM MgCl 2 -1 mM dithiothreitol-0.1% Triton X-100-0.2 g of BSA/ml. After incubation as indicated, the reactions were terminated by the addition of SDS (final concentration, 2%), extracted with phenol, and analyzed by electrophoresis in 15% polyacrylamide and by autoradiography.
RNA-RNA annealing. The ability of proteins to stimulate the annealing of complementary RNA molecules was assayed as follows. Each tube thus contained a total of ϳ57 ng of RNA. The RNAs were first denatured by heating the mixture to 90°C for 5 min and chilling it on ice. Proteins were then added to the mixture as indicated, and the reactions were incubated at 0°C. (Incubation of these reactions at 37°C frequently resulted in aggregation of the RNA samples in the presence of NC). After incubation times as indicated, the reactions were terminated by the addition of 2 l 10% SDS and 10 l H 2 O, followed by extraction with phenol-CHCl 3 (1:1) and analysis by electrophoresis in agarose under nondenaturing conditions and by autoradiography.
Dimerization of HIV-1 RNA. An RNA transcript representing nt 1 to 331 of the NL4-3 clone of HIV-1 (1) was synthesized by T7 RNA polymerase in the presence of [␣-
32 P]CTP. The transcript was purified on a G-50 spun column (Stratagene) and by electrophoresis in polyacrylamide. For dimerization, 1.5 g of RNA was heated in water to 85°C for 2 min and chilled on ice. It was then incubated in 20 l of 250 mM NaCl-5 mM MgCl 2 -20 mM Tris (pH 7.0) at 37°C for 3 h, in the presence of NC or Gag. The RNAs were then treated with 2% SDS, extracted with phenol, and analyzed by electrophoresis through 2.5% Metaphor (FME) under nondenaturing conditions and by autoradiography.
Stabilization of dimers of HaSV RNA. The thermostability of dimers of HaSV 34-378 RNA was assessed as described previously (13) , except that in some experiments the dimers were formed in the presence of Gag, NC, or BSA rather than being formed first and then treated with the proteins. Briefly, labeled RNA was allowed to dimerize by incubation for 30 min at 37°C in 0.25 M NaCl-1 mM MgCl 2 -0.01 M Tris (pH 7.0). After deproteinization by phenol extraction, it was then microdialyzed into 0.05 M NaCl-1 mM EDTA-0.01 M Tris (pH 7.0). The thermostabilities of the dimers were then determined by incubating them for 10 min at the indicated temperatures and analyzing them by electrophoresis in agarose, followed by autoradiography.
Placement of tRNA 3 Lys on PBS of HIV-1 RNA. Purified tRNA 3 Lys was labeled at its 5Ј end by incubation with T4 polynucleotide kinase (Boehringer Mannheim) and [␥-
32 P]ATP. The labeled tRNA was repurified by electrophoresis in a polyacrylamide gel. After elution from the gel, it was precipitated with ethanol and redissolved in water. Unlabeled RNA transcripts representing nt 1 to 331 of the NL4-3 clone of HIV-1 or nt 34 to 378 of HaSV were synthesized using T7 or SP6 RNA polymerase, respectively. The transcripts were heated to 85°C in water and placed on ice. Fifty nanograms of radioactive tRNA was mixed with 250 ng of transcript in 20 l of 50 mM NaCl-5 mM MgCl 2 -20 mM Tris (pH 7.0) in the presence or absence of Gag⌬p6 protein. After incubation for 30 min at 37°C, the samples were deproteinized and analyzed as in the dimerization experiments (see above).
Extension of tRNA 3 Lys with reverse transcriptase after annealing to PBS of HIV-1 RNA. Two hundred fifty nanograms of an RNA transcript representing nucleotides 1 to 331 of pNL4-3 HIV-1 was heated to 100°C and placed on ice. It was then mixed with 50 ng of unlabeled tRNA 3 Lys in 20 l of 250 mM NaCl-1 mM MgCl 2 -10 mM Tris (pH 7.0). After incubation for 60 min at 37°C in the presence or absence of Gag⌬p6 protein, the mixture was deproteinized by treatment with 2% SDS and phenol extraction. After ethanol precipitation, the RNAs were redissolved in 20 l of 75 mM KCl-5 mM MgCl 2 -0.1 mM dithiothreitol-50 mM Tris (pH 7.5) containing 57 U of HIV-1 reverse transcriptase (Worthington) and 0.1 mM (each) deoxynucleoside triphosphate (dNTP), including 1 Ci of [␣-32 P]dCTP (Amersham). After 30 min at 37°C, 27 additional U of reverse transcriptase was added and the incubation was continued for 30 min more. The reaction mixture was then heated to 85°C for 5 min and digested for 60 min at 37°C with 20 g of pancreatic RNase (Boehringer Mannheim) and 8 U of RNase H (Stratagene). The digest was then extracted with phenol, and the DNA was purified with a G-50 spun column (Boehringer Mannheim). Finally, the product was analyzed by electrophoresis on a 15% polyacrylamide gel in the presence of 7 M urea, followed by autoradiography.
RESULTS
Selective annealing of oligodeoxynucleotides. The nucleic acid chaperone activity of NC protein has previously been demonstrated by the selective annealing of oligonucleotides (34) . In this assay, a radioactively labeled 28-base oligodeoxynucleotide is mixed with two other oligodeoxynucleotides. Both of these oligonucleotides are complementary to the labeled oligonucleotide, but one is a 28-base, completely complementary molecule, while the other is shorter and can form only 20 base pairs with the labeled oligonucleotide. The shorter of these two molecules is in 50-fold excess over the longer one; therefore, the less stable hybrid which can form in this mixture is kinetically favored over the more stable one. As previously shown by Tsuchihashi and Brown (34) , labeled oligonucleotide is found annealed to the shorter complementary oligonucleotide if the mixture is incubated in the absence of NC but is annealed to the longer oligonucleotide if NC is present. This shift presumably reflects the ability of NC to destabilize the 20-bp hybrid, enabling the labeled DNA strand to enter into the more stable, 28-bp hybrid.
We tested the ability of HIV-1 Gag ⌬p6 polyprotein to promote the selective formation of the more stable hybrid in this assay. As shown in Fig. 1A , incubation with Gag ⌬p6 at 37°C did cause the labeled oligonucleotide to shift from the kinetically favored, 20-bp hybrid to the thermodynamically favored 28-bp hybrid; in fact, analysis of the data (Fig. 1B) indicated that the activities of the polyprotein and of NC in this assay were, on a molar basis, indistinguishable.
Annealing of complementary RNA molecules. We also tested the ability of the Gag polyprotein to stimulate the annealing of complementary RNAs. These RNA molecules were transcripts of portions of the Neo r gene. Figure 2 (lanes 8 and  9) shows that in the presence of Gag, a large fraction of the labeled RNA (although less than in the sample incubated with NC) was hybridized to the complementary strand, while under these conditions no detectable hybrid was formed in the absence of Gag.
Dimerization of retroviral RNAs in the presence of Gag. As originally demonstrated by Darlix and coworkers (12, 29) , RNA transcripts containing sequences from the 5Ј portion of a retroviral genome can form dimers in vitro, even in the absence of any added proteins or other macromolecular cofactors.
However, as noted above, NC has been shown to accelerate this dimerization process in vitro (12) . We tested the ability of the Gag polyprotein to promote the dimerization of RNA molecules consisting of nt 1 to 331 of the HIV-1 genome, using a low RNA concentration at which there was virtually no spontaneous dimerization during the incubation period. As shown in Fig. 3 , this RNA was converted to a dimeric structure in the presence of Gag; the amount of Gag required for this effect, ϳ0.8 g (lane 14), was equivalent in molar terms to the level of NC (ϳ0.1 g) (lane 5) which exerted a similar effect.
Stabilization of a dimer of retroviral RNA by Gag. The genomic RNA in an immature retrovirus particle is dimeric. However, during maturation of the particle, the dimer is converted to a more thermostable dimeric structure (16, 18, 33) . We previously described conditions in which a 345-base transcript of HaSV RNA formed dimers in vitro, but some of these dimers were relatively thermolabile. Incubation of these preparations of dimeric RNA with recombinant HIV-1 NC was shown to convert the thermolabile dimers into more stable dimers; this conversion thus appeared to replicate, in a defined system in vitro, the stabilization of dimeric RNAs which occurs during the maturation of a retrovirus particle (13) .
We also tested the ability of the HIV-1 Gag polyprotein to induce this stabilization in dimers of HaSV transcripts. Figure  4 shows the results of this experiment. As can be seen, the 2) , 330 ng of NC/l (lanes 3 to 6), or 2.7 g of Gag/l (lanes 8 to 11) for 1 h (lanes 1, 3, 5, 8, and 10) or 4 h (lanes 2, 4, 6, 9 , 11, and 12) and analyzed as described in Materials and Methods. RNA which was complementary to the labeled RNA was present in lanes 1 to 4 and 7 to 9. The samples were heated to 90°C for 5 min; those shown in lanes 7 and 12 (indicated by an asterisk) were allowed to cool slowly to room temperature, while the others were quickly chilled on ice before incubation as indicated. ss, single stranded; ds, double stranded. 10 to 18) . The results were analyzed by electrophoresis and autoradiography as described in Materials and Methods. dissociation profile of the dimers after exposure to the Gag⌬p6 polyprotein (lanes 15 to 21), like that seen after exposure to NC (lanes 8 to 14) , showed that the dimers were uniformly dissociated between 55 and 65°C; in contrast, controls incubated with BSA (lanes 1 to 7) were a mixture in which some molecules dissociated between 25 and 37°C, and others were stable to a temperature between 55 and 65°C. Thus, the Gag polyprotein is evidently able to induce the stabilization of dimers of retroviral RNAs in vitro. Moreover, its activity per mole appears to be at least as high as that of NC in this assay, since NC and Gag were equimolar in these experiments and since the dose of NC is only slightly more than sufficient for full stabilization of the dimers (13) .
Placement of tRNA 3 Lys on the PBS by Gag. Finally, we also tested the ability of the Gag⌬p6 polyprotein to anneal tRNA 3 Lys to the PBS on transcripts of the HIV-1 genome. We used natural tRNA 3 
Lys
, rather than tRNA produced by transcription in vitro, since the posttranscriptional modifications in natural tRNA play a significant role in the interaction of the primer with the PBS (25) . As shown in Fig. 5A , incubation of labeled tRNA 3 Lys with RNA molecules representing nt 1 to 331 of HIV RNA, together with Gag⌬p6, caused a shift of radioactive tRNA to a high-molecular-weight complex (lanes 3 and 4). This shift was not observed in the absence of Gag⌬p6 (lane 5) and reflected a true annealing reaction, rather than aggregation of the RNAs, since it was also not seen in a control reaction in which the tRNA was incubated with a 345-base HaSV transcript, which contains a PBS complementary to tRNA Pro rather than tRNA 3 Lys , in place of the HIV transcript (lane 2). In other experiments (data not shown), there was no shift of the labeled tRNA into a complex with the HaSV RNA, even when the latter was present at a fourfold-higher level than that of HIV-1 RNA used in these experiments.
As an additional test of the proper placement of the tRNA on the PBS in these experiments, we annealed unlabeled tRNA to HIV-1 transcripts as in Fig. 5A and then extended it by adding reverse transcriptase and dNTPs, including [␣-
32 P] dCTP, to the reaction mixtures. The products were then digested with RNase and analyzed by polyacrylamide gel electrophoresis and autoradiography. As shown in Fig. 5B (lane 4) , a major DNA product was seen at ϳ182 nucleotides in the reaction mixture containing HIV-1 RNA, tRNA 3 Lys , and Gag⌬p6. This product corresponds to minus-strand strong stop DNA. (Higher-molecular-weight products were also observed in this lane; these products presumably arise by self-priming of DNA synthesis from the minus-strand strong stop DNA [20, 26] ). These three reactants are all required for the synthesis of significant amounts of DNA under these conditions, since very little product was observed if any of them was omitted (lanes 1 to 3). The formation of a DNA product of the correct size is strong evidence that Gag⌬p6 faithfully anneals the natural primer molecule to the PBS under our in vitro conditions.
DISCUSSION
The basic conclusion which can be drawn from the results presented here is that the HIV-1 Gag polyprotein, like its cleavage product NC, exhibits nucleic acid chaperone activity. That is, it is capable of catalyzing the rearrangement of nucleic acid molecules into the conformation with the maximum number of base pairs. As discussed below, these results support the suggestion that in vivo, the Gag polyprotein catalyzes the 8 to 14) , or 12 g of Gag⌬p6 (lanes 15 to 21) . Thermostabilities of the dimers were then determined by incubation for 10 min at 0° (lanes 1, 8, and 15), 25°(lanes 2, 9, and 16), 37°(  lanes 3, 10, and 17), 45°(lanes 4, 11, and 18), 55°(lanes 5, 12, and 19) , 65°(lanes 6, 13, and 20), or 70°(lanes 7, 14, and 21), followed by electrophoresis and autoradiography as described in Materials and Methods. Some RNA remained at the top of the gel in lanes 15 to 17, but this aggregation was not a consistent feature of these experiments.
FIG. 5. Placement of tRNA 3
Lys on HIV-1 1-331 RNA by Gag⌬p6. (A) 32 Plabeled tRNA 3 Lys was incubated with retroviral transcript and Gag⌬p6, and the reactions were analyzed as described in Materials and Methods. Lanes: 1, tRNA alone; 2, tRNA plus HaSV 34-378 plus 6 g of Gag⌬p6; 3, tRNA plus HIV-1 1-331 plus 3 g of Gag⌬p6; 4, tRNA plus HIV-1 1-331 plus 6 g of Gag⌬p6; 5, tRNA plus HIV-1 1-331. (B) Unlabeled tRNA 3 Lys was annealed to the PBS on HIV-1 1-331 RNA by incubation as indicated. The mixtures were deproteinized as described in Materials and Methods and then tested for the presence of primer on the HIV-1 template RNA by addition of reverse transcriptase and dNTPs, including [␣-
32 P]dCTP. The reactions were analyzed as described in Materials and Methods. Size of the labeled DNA product was determined Ϯ 10 nt compared with labeled DNAs of known sizes (data not shown). Lanes: 1, tRNA plus 6 g of Gag⌬p6; 2, 6 g of Gag⌬p6 plus HIV-1 1-331; 3, tRNA plus HIV-1 1-331; 4, tRNA plus 6 g of Gag⌬p6 plus HIV-1 1-331. dimerization of the genomic RNA of the virus and the placement of the primer tRNA on the PBS, probably during assembly of the virion.
It is striking to note that the Gag polyprotein is evidently capable of exquisitely specific interaction with RNA, i.e., selection of the genomic RNA for packaging during virus assembly in vivo (reviewed in reference 5), and also of nonspecific interactions, as demonstrated here by the nucleic acid chaperone activity observed with nonviral RNA substrates ( Fig. 1 and  2 ). Gag resembles NC in this respect, since NC also exhibits profound sequence preferences in binding to DNA or RNA (3-5, 15) but displays nucleic acid chaperone activity in a wide variety of assays with nonviral substrates (12, 21, 31) . Remarkably, still another outcome of the interaction between Gag and nucleic acid molecules is the assembly of minute virus-like particles in vitro, which occurs with short oligodeoxynucleotides as well as larger RNA molecules and shows almost no sequence dependence (7) . It is conceivable that these structures formed during some of the experiments described above.
In some of the nucleic acid chaperone assays presented here, it was possible to make a direct comparison between the doseresponse curve of the Gag polyprotein and that of NC. It was found that the two proteins have very similar activities per mole in these assays ( Fig. 1 and 3) . Thus, the NC domain of the Gag polyprotein, which is near the C terminus of the polyprotein (and only 16 residues from the C terminus of Gag⌬p6, which was used in many of these experiments), probably functions as a nucleic acid chaperone independently of the remainder of the polyprotein.
What is the biological significance of the nucleic acid chaperone activity of Gag? Analysis of protease-deficient, immature virions, in which the Gag polyprotein is not cleaved, shows that they contain dimers of genomic RNA (16, 18, 32) and that the primer tRNA is annealed to the PBS on this RNA (11, 17, 23, 32) . Thus, cleavage of the polyprotein, which releases NC protein, is not required for these RNA-RNA interaction events in vivo. We have also demonstrated (17) that in murine leukemia virus, expression of the pol gene product is unnecessary for these interactions. Thus the Gag polyprotein is the only internal viral protein which might be required to facilitate these events. In light of the present results ( Fig. 3 and 5) , showing that Gag can catalyze them in vitro, we consider it likely that it performs this function in vivo. (It is also possible that RNA dimerization occurs without the aid of a cofactor in vivo, as has been shown with transcripts of retroviral RNAs in vitro [12, 29] ).
There is no direct information as to whether RNA dimerization and tRNA annealing precede or occur simultaneously with virus assembly, and one could imagine that the cytoplasm contains genomic RNA molecules which are dimeric and/or contain primer tRNA annealed to the PBS as a result of interactions with Gag. However, several observations seem to argue against this possibility. First, an early study suggested that tRNA annealing was incomplete in newly released particles of avian leukosis virus (9) , and secondly, a recent report indicated that the placement was also incomplete in immature (PR-deficient) HIV-1 particles (28) . The fact that the annealing is not complete at the moment of virus release suggests that it occurs simultaneously with virus assembly; perhaps under normal circumstances it is catalyzed in part by the Gag polyprotein and in part by NC. It is also striking that that the HIV-1 Gag polyprotein can induce the stabilization of a dimer of retroviral RNA in vitro (Fig. 4) . This finding was somewhat unexpected, since stabilization of dimeric RNAs within the retroviral particle in vivo depends upon the release of NC from the polyprotein by the viral PR (16, 18) . Thus, the polyprotein is evidently capable of inducing stabilization in solution but not within the virion. One possible explanation for this discrepancy is that the polyprotein does not interact with viral RNAs within the cytoplasm, but only during the formation of the virion, and that the structure of the nascent virus particle somehow restricts the ability of the protein to interact with the RNA. Indeed, contact between Gag and RNA in the immature particle is probably very limited: a careful analysis of avian leukosis virus particles (in which the maturation of dimeric RNA was first observed [33] ) showed that UV-induced cross-linking of Gag to RNA in immature particles is extremely inefficient compared to the cross-linking of NC to RNA in mature particles (32) .
In summary, the initial assembly of a retrovirus particle involves at least two RNA-RNA interaction events: dimerization of genomic RNA and annealing of a cellular tRNA to a specific site on the genomic RNA. The present results strongly suggest that the Gag polyprotein (the major structural protein of the immature retrovirus particle) is responsible not only for formation of the particle but also for catalyzing these associations between RNA molecules. This catalysis is presumably carried out by the NC domain of the polyprotein, but the detailed molecular mechanism of the catalytic reaction is not yet understood.
